Abstract. Translational diffusion coefficients have been simulated for various conformations of tRNA Phe (yeast) by bead models, in order to analyze data obtained by dynamic light scattering on the free and the aminoacylated form. The 18% increase of the translational diffusion coefficient upon deacylation, reported by Potts et al. (1981) , could not be represented by any change of the L-hinge angle, but could only be simulated by a conformation change to an extended form with extensive dissociation of base pairs. Since extensive unpairing is not consistent with evidence accumulated in the literature, the change of the diffusion coefficient must be mainly due to processes other than intramolecular conformational changes.
Introduction
The recent detection of catalytic activities (Cech 1987 ) of RNA's has raised the general interest in the potential of these molecules. Among the exceptional effects reported for RNA's is the conformation change of tRNA Phe upon aminoacylation (Potts etal. 1977; Davanloo et al. 1979; Potts et al. 1981) , which is of great interest for protein-biosynthesis. It is generally accepted that the strongest evidence for such a conformation change comes from the measurements of laser light scattering by Potts et al. (1981) , who reported an increase of the translational diffusion coefficient upon deacylation by 18%. We have tried to interpret these data quantitatively by bead model simulations.
Bead models can be used to simulate translational (and rotational) diffusion coefficients for objects of * Present address: Institute of Experimental Physics, Department of Biophysics, Warsaw University, PL-02-089 Warsaw, Poland complex shape, which cannot be represented by spheres, ellipsoids or cylinders. The technique has been described in detail and tested extensively (Brenner 1967; Harvey and Garcia de la Torre 1980; Garcia de la Torre and Bloomfield 1981). We apply the procedure developed for "overlapping" beads, which requires models constructed from beads of uniform size.
Results and discussion
For our bead model simulations we start from the known x-ray structure (Ladner et al. 1975; Quigley et al. 1975 ) and substitute each nucleotide by a bead. The center of each bead corresponds to the center of mass, which is calculated for each nucleotide assuming equal mass for the constituting atoms. An initial value of the bead radius may be derived from the known x-ray structure; fine tuning is possible by comparison with experimental data for translational or rotational diffusion. When we use data for rotational diffusion (in preparation), we arrive at a bead radius of approximately 6.4 ,~. However, a model constructed With this bead radius leads to a translational diffusion coefficient of 8.22 • 107 cm s-1, which is clearly larger than the value reported by Potts et al. (1981) in a buffer (0.1 M Tris-HC1, pH 7.2, 0.1 M NaC1, 10 mM MgC12), where the maximal changes upon aminoacylation have been observed. We can easily adjust the bead radius of our model to fit the D t value of Potts et al. (1981) and then arrive at a bead radius of 10.4 ~. As shown by the simulations described below and the data compiled in Table 1 , we do not have to model the diffusion coefficients absolutely. For our purpose it is sufficient to model the relative change of the diffusion coefficient, which is not very much dependent on the bead size in the range from 6.4 ]~ to 10.4 ~. We start our simulation of the data on the aminoacylation by adding a bead to the CCA end, which reflects the attached amino acid. We are aware of the A Crystal structure; B bead added at CCA end to simulate amino acid; C same as B, but elongated by change of the L-hinge angle and of the CCA end', D same as C, but more elongated by disruption of secondary and tertiary structure; E form generated by an decrease of the L-hinge angle; F same as E, but partly unfolded Table 1 . Translational diffusion coefficients (in units of 10-7 cm 2 s-1) simulated for bead models of tRNA Phe structures (cf. Fig. 1 and text) with two different values of the bead radius. The Avalues are the changes of D, relative to the Dr-value of model A in %-units. The models A to F correspond to those shown in Fig. 1 ; model G corresponds so that shown in Fig. 1 fact that the CCA end including the attached amino acid is very likely to be flexible, but we simply start to look at the limit case, which leads to a decrease of D t by 2.7%. Since the observed change is much larger, we have to find a more extended conformation of the tRNA. As discussed already in the literature, a reasonable pathway towards a more extended form is an increase of the hinge angle between the two arms of the L-shaped tRNA. We have modelled such an increased hinge angle with reference to conformational energy calculations of Tung et al. (1984) . The Dr-value of the resulting form shown in Fig. 1 C (corresponding to the form given by Tung et al. (1984) in their Fig. 5 ) is decreased by 8% with respect to the crystal form of tRNA Phe, which is still not enough according to the light scattering data. A further extension requires "brute force", because molecular contacts contributing to tRNA stability have to be disrupted. We have extended the model shown in Fig. 1 C without affecting the structure of the amino acid acceptor stem and the anticodon stem; we simply increased their distance by unwinding and elongation of the T-and the D-stem. During this procedure many base pairs were separated. The resulting model shown in Fig. 1 D, which has been generated without a detailed check for optimal stereochemistry, is consistent with the change of the translational diffusion coefficient observed by Potts et al. (1981) . However, it does not appear to be reasonable, because the transition to this extended form would require dissociation of many base pairs. In addition, the evidence accumulated in the literature (Crothers and Cole 1978) does not support any large disruption of the tRNA tertiary and/or secondary structure upon aminoacylation. Obviously the hinge angle between the two arms of the L-shaped tRNA may also be decreased. In our simulations of such conformations we followed again the model calculations of Tung et al. (1984) . Our bead model shown in Fig. 1 E corresponds to the form given in their Fig. 6 with a bead added to represent the amino acid. A more unfolded variant of the latter model is represented in Fig. 1 F ( without detailed check for optimal stereochemistry; coordinates of our bead models are available upon request). None of these models can be used to explain the experimental results reported by Potts et al. (1981) . We have also checked, whether the relative changes may be increased by assuming a different conformation for the free tRNA. However, a decrease of the L-hinge angle, for example, leads to a slight decrease of the diffusion coefficient for the free tRNA (model G, Table 1 ).
The absolute values of our simulated diffusion coefficients would be changed to some extent by admitting flexibility of e.g. the CCA-end. However, the relative changes are not expected to be affected very much by such flexibility.
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In summary, we conclude that the change of the translational diffusion coefficient of tRNA phe upon aminoacylation reported by Potts et al. (1981) cannot be explained by an intramolecular conformation change, but must be mainly due to other processes. We suspect that the change of the diffusion coefficient is mainly due to some intermolecular association reaction. Potts et al. (1981) argued against this interpretation, but it is well known that tRNA Phe has a tendency to associate (Labuda and Porschke ~983) , which should lead to some aggregates at the rather high concentrations used in their experiments. A more sensitive test for conformation changes upon aminoacylation should be possible by measurements of rotational diffusion. Whatever experimental data will arise, obviously bead model simulations will be very useful for their quantitative interpretation.
